Two groups of bacteria were determined as oligotrophs and eutrophs. The former can grow only on a poor medium and not on a rich medium, and the latter can grow on a rich medium. Based on such trophic nature of bacterial groups, a method was established for counting viable cell number of oligotrophs and eutrophs, employing poor and rich media. The present method was used to examine water samples of fresh and sea water areas including rivers and lakes in Toyama Prefecture, off the coast of Toyama Bay, and open sea area at Yamato Bank in the Japan Sea. Physical and chemical environmental factors in these areas were also estimated. Based on the result of an extensive survey on these oligotrophic and eutrophic water samples, two general conclusions were deduced: (a) Oligotrophs and eutrophs responded quite similarly to respective chemical environmental factors, and (b) the number of these trophic groups remained almost constant at even higher concentrations of these factors. In fresh water areas, the number of oligotrophs usually exceeded that of eutrophs, and limiting substances for the size of these bacterial populations were considered to be nitrate-nitrogen and dissolved organic nitrogen. From the effect of rainfall on the number and trophic flora of bacteria in a river, the source of river bacteria was suggested at least in part to be attributed to the soil bacteria.
Two groups of bacteria were determined as oligotrophs and eutrophs. The former can grow only on a poor medium and not on a rich medium, and the latter can grow on a rich medium. Based on such trophic nature of bacterial groups, a method was established for counting viable cell number of oligotrophs and eutrophs, employing poor and rich media. The present method was used to examine water samples of fresh and sea water areas including rivers and lakes in Toyama Prefecture, off the coast of Toyama Bay, and open sea area at Yamato Bank in the Japan Sea. Physical and chemical environmental factors in these areas were also estimated. Based on the result of an extensive survey on these oligotrophic and eutrophic water samples, two general conclusions were deduced: (a) Oligotrophs and eutrophs responded quite similarly to respective chemical environmental factors, and (b) the number of these trophic groups remained almost constant at even higher concentrations of these factors. In fresh water areas, the number of oligotrophs usually exceeded that of eutrophs, and limiting substances for the size of these bacterial populations were considered to be nitrate-nitrogen and dissolved organic nitrogen. From the effect of rainfall on the number and trophic flora of bacteria in a river, the source of river bacteria was suggested at least in part to be attributed to the soil bacteria. vironment. Bacteria living under high salinity, high hydrostatic pressure, and high and low temperatures have extensively been investigated. It should, however, be stressed that there is another specific environmental factorr characteristic to a natural water system. The meagerness in nutrilites-oligotrophy-should be taken into account in the hydromicrobiology. In Table 1 are shown comparative data on the content of dissolved organic carbon (DOC), total nitrogen (N), and total phosphorus (P) in various natural water samples and in conventional microbiological media. Among natural water samples, the nutrilite content in sea water collected in Tokyo Bay, known to be one of the most eutrophic sea water area in Japan, is only several times those of the oligotrophic South Pacific Ocean. The nutrilite content in these natural water samples including even eutrophic water samples is indeed far less than that in microbiological media conventionally used for the cultivation of microbial isolates from a natural water environment.
Although major fraction of a natural water system contains only an extremely low level of nutrilites, the bottom surface, in general, and the gastro-intestinal tracts of large forms of life in water, such as nectons and benthos, are highly rich in nutrilites for microorganisms. Thus, nutrilites in natural water system are heterogeneously distributed in an environment. Based on these considerations, we assume that there must be microorganisms that are able to grow in the presence of extremely low level of nutrilites and those requiring relatively high level of them. The former we named tentatively oligotrophic bacteria and the latter, eutrophic ones. Among oligotrophic bacteria there must be such organisms that can grow only in the presence of a minor amount of nutrilites but not in the presence of a large amount, and those that can grow in a wide concentration range of nutrilites. In sensu stricto, we define the term oligotrophs as those belonging to the former category and we assign those belonging to the latter as facultative oligotrophs. In the past oceanographic survey of bacteria, the value of their standing crops as estimated by viable cell versus direct microscopical counting methods has been controversial. Wide difference in values between the two counting methods has been reported; in some case even 104 times higher in the direct counts than in viable cell counts (1) . In these investigations workers employed rich media such as ZOBELL 2216 (2) for viable cell counting. Therefore, if there were abundant oligotrophs mentioned above in the sea water, it would have been possible to miss them all. It was indeed pointed out already by JANNASCH and JONES (3) that 100-fold dilution of peptone-yeast extract medium gave a higher bacterial count in sea water. IsHIDA and KADOTA (4) also showed that the medium of 20-fold dilution gave a higher number of bacteria, the flora of which was different from that grown on a non-diluted medium.
From these considerations, we have attempted to demonstrate the presence of such oligotrophs in natural water systems, employing both rich and poor media for the cultivation of bacterial cells. The present communication reveals that oligotrophs are widely and abundantly distributed in oligotrophic and even in eutrophic fresh and sea water areas so far surveyed.
MATERIALS AND METHODS
Features of water fields surveyed. In the present survey, fresh and sea water fields covering the oligotrophic and eutrophic areas around Toyama Prefecture (in central northern Honshu, Fig. IA) were selected. Fresh water samples were collected in the rivers : Jinzu-gawa, Hayatsuki-gawa and Joganji-gawa (Fig. IC) , and in an oligotrophic Lake Mikuri-ga-ike (Figs. 1 C and E), and sea water samples were collected in Toyama Bay (Fig. 1C) , Shinminato district (Fig. 1B) , and Yamato Bank in the Japan Sea (Figs. 1 A and D) .
Jinzu-gawa runs from the Hida Upland through the central part of Toyama City (269,000 in population) at lower reaches and flows into Toyama Bay. Twelve stations were set up along the main and tributary streams along this river. Toyama City is situated between stations 7 and 11 and a long man-made lake named Jinzukyo (ca. 10 km), where the water flow is rather stagnated, is located between stations 2 and 3. Surface water samples of this river were collected nearly monthly from May 10, 1976 , to February 8, 1977 . The river Hayatsuki-gawa originates from Mt. Tateyama and also runs into Toyama Bay. There is no large city along this river except Uozu City (47,000 in population) located at its river mouth. Water samples of this river were collected at nine stations on May 13, 1977 , when the amount of water flow was very high because of the inflow of melted snow from the mountain side. The river Joganji-gawa, running between Jinzu-gawa and Hayatsuki-gawa, was also surveyed at eight stations on June 28, 1977 . No large city is located along this river. The amount of water flow of these rivers in 1972 were 56.9, 4.4, and 4.7 x 108 metric tons for Jinzu-gawa, Hayatsuki-gawa, and VOL. 24 Joganji-gawa, respectively. Therefore, Jinzu-gawa is the most influential on the coastal area of Toyama Bay.
A small and oligotrophic lake Mikuri-ga-ike is in the Tateyama National Park, at an altitude of 2,400 m, and has a surface area of 27,000 m2 with a maximum depth of 15 m. This small lake is a closed lake and is featured by its simple biological community constituted mainly of Daphnia ambigua, Dinobryon setularia and bacteria without the presence of necton (S). Water samples from this lake were collected in three stations at different depths on September 3, 1976 . The most eutrophic fresh-water samples were collected in the inflowing sewage and the effluent at the Sewage Treatment Center of Toyama City on January 18, 1977. In this center, a trickling filter system was employed for the treatment of sewage. Main areas under the present survey are delimited by squares. B, Shinminato district around Toyama New Port. C, Toyama district including the offshore coastal area and Jinzu-gawa, Joganji-gawa, and Hayatsukigawa. Location of Lake Mikuri-ga-ike is shown in the southeast corner of this map. D, Yamato Bank in the Japan Sea. E, Lake Mikuri-ga-ike.
Transverse section of the lake is also shown.
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Offshore coastal water samples were collected in Toyama Bay at depths of 0, 10, 30, and 50 m. Five stations were set offshore the middle coastal area. The depths to the bottom at these stations were 52, 45, 52, 160, and 255 m at stations 1-5, respectively. Station 1 is influenced strongly by Jinzu-gawa and stations 3 and 4 slightly by Joganji-gawa. The coastal current runs to the eastwards. Samplings of water at different depths were carried out nearly monthly from May 18, 1976, to December 16, 1977, on the Survey Boat, Hayatsuki Maru, of Toyama Prefectural Fisheries Experiment Station.
Rather eutrophic surface sea water samples were collected on September 7, 1976 , from the shores around Port New Toyama in Shinminato district. The most eutrophic water in this area was collected in station 2 along the river Uchikawa running through Sinminato City (46,000 in population). The water is salty and always stagnated.
Open sea-water samples were collected at depths of 0, 30, 75, 150, and 300 m in Yamato Bank in the middle of Japan Sea during the cruise of the Research Vessel, Hakuho Maru (KH 76-3), of the University of Tokyo. This area is one of the best fishing grounds in the Japan Sea. The depths to the sea bottom in this area are shown in Fig. 10 .
Water sampling and bacterial filtration. Water for bacteriological examinations was sampled aseptically using aseptic water samplers for surface and deep water samplings designed by one of the present authors, which will be reported elsewhere. Water samples for analytical purpose were collected using a 6-liter bucket and a 6-liter Van Dorn sampler for surface and deep water samplings, respectively.
Fresh or sea water sample collected aseptically was diluted ten-fold serially with sterilized tap or sea water, respectively, and two or three series of diluted samples were filtered through an HA Millipore filter (pore size, 0.45 um) of 25 mm in diameter fixed in a Swinnex filter holder (Millipore Filter Co., U.S.A.) The inoculated Millipore filters were placed on agar media to be described subsequently and incubated at 23°.
Counting of bacteria grown on rich and poor media. Rich (R) and poor (P) media were prepared for counting viable bacteria. In the former belong Rf medium (conventional nutrient agar) for fresh water bacteria and RS medium containing 10 g Polypepton (Daigo-Eiyo Kagaku Co., Osaka) and 5 g yeast extract (Nissui Seiyaku Co., Tokyo) in 1 liter of aged sea water for sea water bacteria. In the poor media belong Pf and P, media containing 10 mg Polypepton in 1 liter of deionized water and aged sea water, respectively. The pH of fresh and sea water media was adjusted to 7.0 and 7.8, respectively.
Duplicate known aliquots (in most cases 4.5 ml each) of a water sample were filtered separately through two sheets of Millipore filter. These sheets were placed separately on R and P media in petri dishes. The duration of incubation for these plates at 23° was 2-3 days for R medium and more than 5 days for P medium, since we assumed that the number of colonies on these media attained a plateau after the periods for eutrophic and oligotrophic bacteria, respectively.
The number of colonies formed on the Millipore filter was counted by naked eyes for those grown on R medium and under a dissecting microscope (magnification, x 40) for those on P medium. In the latter case, the size of colonies was so small (usually less than 50 µm in diameter) that we employed an illumination apparatus especially designed for the present purpose (Fig. 2) . In this apparatus, an incident light is shed from one side of a petri dish over the surface of a Millipore filter. This side-light illumination was found effective in visualizing easily minute colonies as a result of reflection of colonies on the lighted side and shadowing on the reverse side.
Oligotrophic test. The identification of oligotrophs which grew only on P medium but not on R medium was carried out by the following method named "oligotrophic test ." Colonies grown on P medium in the counting procedure were picked at random with sterilized toothpicks and each one was plated successively at known respective points on two sheets of Millipore filter placed separately on P and R media. After incubation of these plates for more than 5 days, colonies which had grown on P medium but not on R medium were assigned as oligotrophs. Isolation and storage of oligotrophs. These bacterial colonies identified as oligotrophs by the above method were streaked directly on P agar, then the pure culture of the oligotrophic strain was obtained by the conventional method. The pure culture of oligotrophic strain grown on an agar slant or plate was washed out with a small amount of sterilized water (or sea water) and to the cell suspension was added glycerol at the final concentration of 20%. The cell suspension was placed in a small plastic vessel with a tight screw cap (A/S Nunc, Denmark) and stored in liquid nitrogen. Prior to the use of these frozen strains, the defrosted sample should always be subjected to the oligotrophic test, since oligotrophs sometimes converted to eutrophs by unknown reasons, which will be discussed later.
Assay procedure for environmental factors. A water sample collected was filtered through a glass-fiber filter (Whatman GF/C) and the filtrate was examined for nutrilite contents. Among nutrilites examined, inorganic P was assayed by the method of STRICKLAND and PARSONS (6), NO-nitrogen (N) by that of NISHI-MURA and MATSUNAGA (7), Kjeldahl-N by that of YAGI and OKUDA (8) , and total P, NOZ -N and NH4 -N by the methods described in the Manual of Oceanographic Observations (9) . Dissolved organic N (DON) represents the value obtained by subtracting NHt -N from Kjeldahl-N in the filtered samples, and total N the sum of NO-N, NO-N, and Kjeldahl-N. Chlorophylls a and b were extracted from GF-filters and estimated spectrophotometrically by the method of STRICKLAND and PARSONS (6) .
Temperature, dissolved oxygen (DO), and chlorinity were estimated by the methods described in the Manual of Oceanographic Observations (9) . A Secchi disk was also employed for the measurement of transparency of water.
RESULTS

Counting method for the number of oligotrophs and eutrophs
In the viable cell counting of oligotrophs and eutrophs, two methods were employed. In the earlier phase of the present survey, we assumed that some fraction of eutrophs grown on R medium could also grow on P medium. Therefore, those bacteria grown on P medium were considered to contain oligotrophs together with a part of eutrophs. Based on this consideration, to estimate the number of oligotrophs, the oligotrophic test was applied on randomly picked 16 colonies grown on P medium and the total number of colonies on P medium was multiplied by the rate of presence of oligotrophs among 16 colonies. In this meth- VOL. 24 od, number of colonies picked was rather low statistically, but, to increase the number of colonies subjected to the oligotrophic test, a laborious work would be expected for the treatment of so many water samples collected in a field survey.
In the course of studies on the trophic nature of oligotrophs and eutrophs, we found that 7 and 6 pure culture strains of fresh and sea water eutrophs, respectively, gave a similar number of colonies on R and P media (Table 2 ) and the size of colonies on the latter medium was markedly small. Based on this finding, in the second method, we assumed that the number of oligotrophs could be determined simply by subtracting the total number of colonies on R medium from that on P medium. This revised method made our extensive survey much easier, although there remains some unsolved point which will be discussed later.
For the assessment of the relative abundancy of oligotrophs in bacterial population in a water sample, we defined the oligotrophic index (0.I.). This value is denoted by the rate of total number of oligotrophs to total number of bacteria, the latter being the sum of the number of oligotrophs and eutrophs. Surreys on fresh water areas Seasonal variation of environmental factors in Jinzu-gawa. Water temperature was the highest on July 31 at every station, and a slight increase in temperature was noted along the main stream in lower reaches in most seasons. Total P did not change significantly in upper reaches in most seasons, whereas it increased markedly in lower reaches in most seasons. An increase in total P on February 8, 1977 , at stations in lower reaches might be due to the fact that an enormous amount of snow containing muddy materials on city roads was thrown into the river in this season. Seasonal variation of total N was most marked but unstable in lower reaches and most stable in middle reaches (stations 3 and 4), while the amount of total N in upper reaches was somehow a little higher but less stable than that in middle reaches. Among four N forms examined, i.e., NH4 -N, NOW-N, N03 -N, and DON, the latter two at each station seemed to be rather unstable seasonally, while the others were rather stable except in lower reaches. It was characteristic that N03 -N and DON were even higher in upper reaches, and especially N03 -N was exceedingly high in snowy season along all the length of the river.
Chlorophyll a content at each station was higher in the late spring (May and June) and in September, when water temperature was between 10° and 20°. The highest chlorophyll content was found in middle reaches in the warm season. This may be reflected by the stagnation of water stream in a man-made lake located between stations 2 and 3.
Seasonal variation of oligotrophs and eutrophs in Jinzu-gawa. A.s seen in Fig.  4A , the number of oligotrophs changed almost bimordially at each station. It is interesting to note that such a pattern seems to resemble those observed for N03 -N and DON. However, this does not mean that the number of oligotrophs is limited by these nitrogen forms over the concentration range as will be discussed later. In Fig. 4B is shown a seasonal variation of the number of eutrophs. Such a pattern at each station seem roughly to resemble that of temperature except at station 12 (closest to river mouth).
Oligotrophic index (Fig. 4C ) remained mostly at a high stable value at each station throughout the whole season excepting a few points of low value in the graph. This implies that the trophic flora of bacteria in the river is highly balanced showing higher abundance of oligotrophs than eutrophs, irrespective of a marked seasonal variation of physical and chemical environmental factors. As clearly seen in Fig. 11 , all the data obtained from samples of Jinzu-gawa are plotted, and the number of oligotrophs in this river was almost one order of magnitude higher than that of eutrophs. Surveys on the other fresh water areas. a. River Hayatsuki-gawa. Among 9 stations set up along this river, stations 2 and 3 are located at tributary flows. As seen in Fig. 5 , the richness in nutrilites at stations in upper reaches was characteristic, although they increased in lower reaches as is usually the case in other rivers. Chlorophyll a content increased gradually in lower reaches except at station 3, where it gave a relatively high value.
The number of oligotrophs in the river samples collected on May 3, 1977, was about one order of magnitude lower than that in Jinzu-gawa (collected on May 10, 1976, see Fig. 4 ), in spite of the fact that water samples from the two rivers contained comparable amount of nutrilites. Comparison of the number of two trophic groups of bacteria in Hayatsuki-gawa showed that oligotrophs exceeded the eutrophs by almost one order of magnitude along the river flow, as was the case in Jinzu-gawa.
b. River Joganji-gawa. In this river also, a relatively high value in nutrilite concentrations was obtained in upper reaches. In spite of this fact, chlorophyll a content was low. It seems highly characteristic that the number of oligotrophs and eutrophs was almost the same except in lower reaches and it was rather low compared with that in Hayatsuki-gawa. c. Lake Mikuri-ga-ike. Data obtained from this lake are listed in Table 3 .
As understood from the water temperature, the lake water was stratified in this season. Although total P content was a little higher in the surface than in the bottom, except at station 1, total N content was the highest in the bottom.
The concentration of nutrilites in this lake was in the lowest concentration range of other fresh water samples so far examined.
Chlorophyll a content in this lake was almost comparable to that observed in Jinzu-gawa, in spite of its low nutrilite concentration. The number of bacteria, on the other hand, was the lowest among the fresh water samples examined.
The number of oligotrophs was comparable to or even lower than that of eutrophs, as was the case in Hayatsuki-gawa. Thus, it gave the oligotrophic index of less than about 0.6.
In contrast to such an oligotrophic environment as Lake Mikuri-ga-ike, we examined highly eutrophic water samples Table 3 , water samples taken from the in-and out-flows of the Center gave exceedingly high concentration of total P and NH4 -N, and also a high density of bacteria. Even under such a most eutrophic environment, the number of oligotrophs highly exceeded that of eutrophs, thus giving rather a high oligotrophic index. As a control experiment, bacterial trophic flora in feces of various animals was examined. These feces were homogenized in a Potter-Elvehjem homogenizes, filtered through absorbent cotton of ca. 5 mm thickness, and the number of colonies on P f and R f media was counted. As seen in Table 4 , these feces gave even higher colony counts on Rf medium than on Pf medium. From the present definition of oligotrophs, we concluded from these results that animal feces contain no oligotrophs and contain facultative eutrophs that are able to grow on both R f and P f media.
From the above observations employing highly oligotrophic and eutrophic fresh water samples, we concluded that the oligotrophic index does not necessarily depend on the concentration of nutrilites in a water environment, but the index is zero in a completely eutrophic environment such as in animal feces. Table 4 . Number of aerobic bacteria contained in feces of various animals as counted using R f and Pf media.
Effect of rainfall on bacterial trophic flora in Jinzu-gawa. To examine the effect of rainfall on bacterial number and trophic flora in Jinzu-gawa, a station was set on the main stream between stations 8 and 10, and the relationship between the amount of rainfall and the number of oligotrophs and eutrophs was examined during the late summer from August 20 to September 10, 1976 . Although the flow of Jinzu-gawa was affected by the amount of rainfall, the amount of river flow was, as seen in Fig. 6 , not influenced instantaneously by the rainfall because of its regulation at a dam located at station 3. Figure 6 shows that total number of bacteria increased greatly after a heavy rainfall and decreased after about 1 week of dry weather following the heavy rainfall. Comparison of the nutrilite concentration of water samples on August 26 and September 8 (collected before the rainfall) did not show any great difference between the two samples. In relation to these observations, we examined bacterial trophic flora in soil samples from different sources. these soil samples contain higher number of oligotrophs than that of eutrophs.
Therefore, a marked effect of the rainfall on the bacterial number seemed to be due to the drainage of rain water through the soil, when a large number of soil bacteria was eluted from the soil and flew into the river, giving a high value of the oligotrophic index. It should be pointed out that the value of oligotrophic index did not change significantly by the rainfall.
Surveys on sea water areas Seasonal variation of environmental factors in Toyama Bay. Of the data obtained on the environmental factors at stations set offshore in the middle coast of Toyama Bay (Fig. 1C) , those of station 1 at various depths are depicted as contour diagrams for most items (Figs. 7 and 8) .
As clearly seen in Fig. 7A , water temperature was stratified only in the summer season and almost equally distributed vertically in other seasons, though water cooled down from the surface toward winter. By contrast, as seen in Fig. 7B , salinity of this area decreased dramatically toward the surface as affected by a large amount of the inflow of fresh water from Jinzu-gawa (Fig. 7C) . Quite a similar pattern was obtained from other stations. As may be understood from the pattern of salinity distribution in a year, the surface layer of several meters in the offshore coastal area of Toyama Bay seems to be stratified in salinity all the year round, largely influenced by the inflowing inland water. However, there may be a gradual mixing between surface and subsurface water, and the overturning of water in the subsurface layer may occur in the cold season but not in the hot season. Oxygen content was high in the surface layer all the year round and stratified only in the summer season, becoming lower toward the bottom. The concentration of total P in summer was the highest at 50 m depth and it was equally distributed vertically in other seasons except in November, when a high concentration of total P was localized in the bottom, as was the case in total N.
The same change in the pattern of vertical distribution of chlorophyll a was noted. A high concentration of this pigment was localized in the surface layer in the summer season. The season of the highest concentration of chlorophyll in the surface layer agreed with that of the highest DO and the lowest nutrilite concentrations. There was no relation between the chlorophyll content and transparency (Secchi disk) of water, since the surface water of this area in the rainy season became highly turbid due to soil particles carried in by the river water.
Seasonal variation of oligotrophs and eutrophs in Toyama Bay. As seen in Fig. 9 , the number of oligotrophs at station 1 exceeded or was comparable to that of eutrophs with some exceptions throughout the seasonal survey, while ,at stations 2-5, a reverse situation was observed, among which only the surface water samples were examined at stations 2 and 4. It is highly probable that the strongest influence of the larger Jinzu-gawa, whose water contains a large number of oligotrophs than eutrophs (see Fig. 4 ) appeared at station 1 which is closest to the river mouth, especially in the rainy season (June and July). The another characteristic feature at Toyama Bay was that the number of bacteria including oligotrophs and eutrophs was the highest in the surface with some exceptions. It should be noted that the highest number of bacteria was found in December, 1976, when a high number also remained even in the deeper layer at stations 1 and 5. Similar distribution pattern was also observed in the surveys on November 6 and December 10, 1975. As will be discussed later, there was no relation between water temperature and bacterial number. Therefore, the special distribution pattern observed in early winter may be attributed to other unknown factor(s).
Distribution of oligotrophs and eutrophs in other sea water areas. a. Yamato Bank. Open sea water samples collected in the area of Yamato Bank in the Japan Sea (Figs. 1 A and D) were examined from July 29 to August 6, 1976. As listed in Table 6 , the water temperature was almost equally stratified in this season. The DO value was the lowest in the surface and became somewhat higher toward the bottom, so far determined to the depth of 300 m. The nutrilite concentration was the highest at the depth of 300 m. The vertical distribution pattern of nutrilite concentration in general was almost the same at all stations, irrespective of the depth.
As seen in Fig. 10 , the number of bacteria in the surface of this area was a little lower than that in the surface of the coastal area in Toyama Bay. Along the Tsushima current, which runs toward the east-northeast, the bacterial number was low at station 24 and it seemed to increase as the current comes in the area of Yamato Bank at stations 18, 20, 14, 5 and 9, among which at 14 and 5 nutrilite concentrations, such as total P and total N, were higher in the surface and subsurface layers than those in other stations (Table 6) . The characteristic feature was that in subsurface layer (30 and 70 m in depths) the bacterial number was higher than that in surface in most stations and that the number of oligotrophs was almost comparable to that of eutrophs.
We found two types of chlorophyll a distribution in this area. At stations 5, 9, 16, and 21, it gave a peak at the depth of 75 or 150 m, while at stations 14 and 24, it was the highest at 30-m depth. There seemed to be no definite correlation between the number of bacteria and chlorophyll content, as was the case in the coastal area in Toyama Bay. b. Shinminato district. The sea water in this area has been known to be the most eutrophic in the south coast of Toyama Bay. As listed in Table 7 , water samples from four stations examined in summer were characterized by their relatively high concentration of NH4 -N and DON. The most eutrophic water was collected at station 2 (along the river Uchi-kawa), where sea water was polluted with the waste water from Shinminato City and was highly stagnated.
Depending on the highly eutrophic water environment in this district, the number of bacteria was the highest in the coastal area in Toyama Bay. It is, however, noted that at station 1 and at the most eutrophic station 2, only eutrophs could be found, while at stations 3 and 4, oligotrophs exceeded the number of eutrophs. At present we can hardly explain such a situation. The chlorophyll a content was also high at every station, especially at station 2. Number of oligotrophs in these samples was estimated by method 1 in which oliga trophic test was introduced (see RESULTS).
Data are presented in circles showing station numbers (see Fig. 1D ) in the lower end. Depth to the sea bottom in meter al each station is also shown by a figure in parentheses.
Log cell number for oligotroph~ (0) and eutrophs (.) is shown on the left-hand side and chlorophyll a content on thf right in each circle. At stations 7, 10, 14, 18, and 20, only bacterial number in thf surface was estimated.
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Dependency of bacterial number on environmental factors Fresh water areas. As shown in Figs. 3 and 4 , the number of oligotrophs or eutrophs did not seem to depend on water temperature. To depict the relationship between the number of the two bacterial trophic groups and chemical environment, all the data on bacterial number in fresh water samples obtained in the present survey were plotted together against the concentration of chemical environmental factors. As shown in Fig. 11 , the concentration of each nutrilite was distributed over a wide range. Generally speaking, (a) both bacterial groups responded quite similarly to respective chemical environments, (b) the number of both bacterial groups remained constant to some extent in these fresh water areas over a wide range of nutrilite concentrations, and (c) the number of oligotrophs was almost one order of magnitude higher than that of eutrophs.
Between total P and total N a characteristic difference was observed in the distribution pattern of many plots. In the former, bacterial number was distributed at an almost equal level within the widest range of its concentration, whereas in the latter they increased as its concentration increased in a lower range and attained a certain maximum level in a higher wide range. This suggests that the size of bacterial population is limited by total N in its lower concentration range. An analysis of limiting factors in total N was made by comparing the dependency plots upon NH4-N, NOW-N, and DON (d, e, f sets in Fig. 11, A and B) . NH4-N gave a total P-type pattern for both bacterial groups. NO -N also showed a similar pattern, though it is not shown in Fig. 11 . In contrast, NO -N and DON gave the pattern of total N-type. It is, therefore, considered that the latter two N forms are the limiting factors for bacterial population size in these fresh water areas. In the dependency of bacterial number on the concentration of NO -N and DON (therefore on total N), some local characteristics are observed. Water samples collected both in Hayatsuki-gawa and Joganji-gawa contained lower bacterial number even in a higher concentration range, compared with bacterial number in Jinzu-gawa. The relationship between bacterial number and chlorophyll a concentration is shown in Fig. 11 (c set in A and B) . It may roughly be concluded from these plots, especially from those of Jinzu-gawa, that there seems to be an inverse relation between the number of both bacterial trophic groups and chlorophyll a. Such a relation, if present, may be the result of a special influence of some local environmental characteristics.
Sea water areas. Similar plots as those of fresh water samples were made for sea water samples (Fig. 12) . Since the concentration range of nutrilite concentration in these samples was generally narrower than that of fresh water samples, it seems difficult to draw any definite conclusion about the relationship in question. It is, however, recapitulated that the generalizations discussed in the case of fresh water samples are also valid for (a) and (b) but not for (c) in the case of sea water samples. In the latter, number of oligotrophs and eutrophs was distributed at the comparable level of cell number against concentration of chemical factors.
As seen in Fig. 12 , no definite difference in the pattern can be observed between total P and total N. In relation to total P, a large number of plots are concentrated within 0-2 ,ug-atoms/liter in fresh water samples, while almost all the plots are within the same range in seawater samples. This suggests that, in sea water areas, total P may not necessarily be a limiting factor for the size of bacterial population as is the case in fresh water areas. In contrast, in relation to total N, a large number of plots is concentrated within 20-80 ,ug-atoms/liter in fresh water samples (Fig. 11 , Ab and Bb), while most of the plots are within 1-15 ,ug-atoms/liter in sea water samples. It may therefore be inferred that total N is also not a limiting factor for the bacterial population size in sea water areas. As examined in the case of fresh water samples, the relationship between bacterial number of both trophic groups and the concentration of four nitrogen forms was also examined by the same plotting. We found that, against these nitrogen forms, most plots of bacterial number were distributed in the lowest range : NH4 -N, 0-10 ,ug-atoms/ liter; NO-N, 0-0.5 ,ug-atoms/liter; NOW-N, 0-6 µg-atoms/liter; and DON, 0-6 ,ug-atoms/liter. Among these N forms, NO -N was suspected with some reservation to be the most probable candidate for the limiting factor for the bacterial population size in sea water areas.
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Relationship between bacterial number and chlorophyll a content in sea water samples seems to be somewhat different from that in fresh water samples. So far as samples of Toyama Bay are concerned, it may be relevant to infer that the higher is the chlorophyll content, the higher is the number of bacteria of both trophic groups.
Dependency of Chlorophyll Content on Environmental Factors
The dependency of bacterial number on environmental factors was compared with that of chlorophyll a content on total P and total N in fresh and sea water samples (Fig. 13) . In fresh water samples, chlorophyll content varied in the lowest concentration range of total P, while it was distributed rather widely in a 
DISCUSSION
We defined as oligotrophs a trophic group of bacteria that can grow only in Fig. 13 . Relationships between chlorophyll a content and chemical environmental factors in fresh and sea water areas.
For the place and date of samplings and for the symbol for plots, see legend to Figs. 11 and 12 for fresh and sea water areas, respectively. Among plots for sea water areas, those of station 2 in Shinminato district (see Table 5 ) are omitted, because these plots are out of scale in this figure. of Oligotrophs and Eutrophs in Water 85 the presence of a minor amount of nutrilites and not in the presence of a large amount. Another trophic group of bacteria is named eutrophs, among which most bacteria seem able to grow either in the lowest level or in the relatively high level of nutrilites, and the remainder may grow only in the presence of higher levels of them. The former we defined as facultative oligotrophs and the latter as obligate eutrophs. For example, a fraction of eutrophic intestinal bacteria in animal feces could not grow on P medium (Table 4) . Therefore, those non-growers on P medium can be classified into the category of obligate eutrophs. In contrast, a laboratory strain of Escherichia coil W3110 could grow on P f medium, and hence it may be assigned as a facultative oligotroph. We recently isolated an obligately oligotrophic mutant strain derived from E. coli W3110 by UV irradiation.
Although we have attempted to classify bacteria in nature by their trophic characters as mentioned above, we have found that the demarcation among these trophic groups is not necessarily clear as the case in psychrophiles (11) or in barophiles (12) . Moreover, we have also found that the oligotrophs isolated from natural water samples are convertible to eutrophs (facultative oligotrophs) by adaptation. Thus the convertible character in the above trophic nature of bacteria may make the classification confusing, although the degree of convertibility differs from strain to strain. By understanding the complexity of bacterial trophic character, our present survey was carried out to reveal the in situ trophic flora of bacteria in a water environment.
Our method of counting oligotrophs, in which the number of colonies on R medium was subtracted from that on P medium, select less convertible oligotrophs. Since the number of colonies on R medium was assumed to attain a plateau after 2-3 days of incubation, less easily convertible oligotrophs might not be counted as eutrophs. From the observation that eutrophs gave a similar colony counts on P and R media (Table 2) , the colony counts on P medium should exceed or equal those on R medium. In almost all the water samples in our extensive survey, we found this was the case. However, there were some exceptional cases in which colony count on P medium was far less than that on R medium as seen in fecal samples. We consider that these water samples, especially in some samples of the coastal water of Toyama Bay including Shinminato district, contained only obligate and facultative eutrophs but not oligotrophs.
The relative abundancy of oligotrophs in total bacterial number as expressed in terms of the oligotrophic index (0.I.) was found to be widely different from area to area surveyed. As will be understood from the calculation of O.I., the number of oligotrophs exceeds that of eutrophs when it is higher than 0.5. In Fig. 14 is summarized the distribution of 0.1. values in three fresh and sea water areas, in which statistically significant number of data are available. In other fresh water areas surveyed, average 0.1. values were 0.44, 0.85, and 0.61, respectively, for Lake Mikuri-ga-ike (Table 3) , Hayatsuki-gawa, and Joganji-gawa (Fig. 5) . It may be concluded from these results that a rather high 0.1. value was obtained in fresh water areas, except in Lake Mikuri-ga-ike. In Jinzu-gawa (Figs. 4 and 14) and Hayatsuki-gawa (Fig. 5) , 0.1. value is distributed only in higher levels. In contrast, this value is widely distributed in sea water areas such as Toyama Bay and Yamato Bank (Fig. 14) , and its average value is less than 4.5. Examination of the relation of 0.1. value to the sea water depth gave no essential conclusion.
We examined 0.1. value for samples of various water areas in relation to the physical and chemical environmental factors. As may be expected from Figs. 14 and 11 or 12, in the case of fresh water areas, 0.1. plots against concentrations of chemical substances are distributed mostly at a high and rather constant level, whereas in the case of sea water areas, they are distributed at all the level of 0.1. against these factors. The relationship between 0.1. value and chlorophyll a content also gave no definite conclusion. From these statistical considerations, it may still be too early to deduce any conclusion for the relationship between 0.1. value and environmental factors. In other words, 0.1. value cannot be taken as an indicator of water eutrophication. From our present observations that the number of oligotrophs are comparable to or even lower than that of eutrophs in the sea, the excess number of bacteria by direct microscopical counting over that by viable counting may not be explained even by the fact that a large number of oligotrophs is present in the sea. Therefore, there must be another group of bacteria in the sea water. Preliminary experiment carried out on board the research vessel using water samples collected in the area of Yamato Bank showed that anaerobic oligotrophs and eutrophs grew out twice more than aerobic ones. Relationship between the number of oligotrophs or eutrophs and the values of environmental factors is worthy of notice. In fresh and sea water samples, we pointed out two generalizations that (a) the two trophic groups of bacteria responded quite similarly to respective chemical environmental factors and (b) the number of these groups remained constant to some extent against even higher concentrations of 'chemical substances (Figs. 11 and 12 ). As already discussed the limiting substances for the population size of both bacterial groups were suggested to be N03 -N and DON in fresh water areas and N03 -N in sea water areas in the lower concentration range of these N forms. It seems to be an important finding that the number of bacteria is almost constant at lower than 10~ cells/ml in fresh water areas and at mostly lower than 104 cells/m1 in sea water areas even in the presence of higher concentration of nutrilites.
It should, however, be mentioned that, when sea water samples containing about 103 cells/ml of oligotrophs and eutrophs were incubated in a flask at 23°, the number of the two groups of bacteria increased at different rates and, after about 2 weeks, the number even attained more than 107 cells/ml, giving higher abundance of oligotrophs than in the original sea water samples. Thus, a simple incubation of sea water resulted in the enrichment of oligotrophs. From this observation, it may be inferred that in an open natural water system the size of bacterial population is suppressed at a low level by some unknown reason, while in a closed experimental system bacteria seem to become freed from the suppression and can develop, attaining a higher population size.
One of the candidates for the above suppressive power in an open natural water system may be the presence of microalgae. The algal response to nutrilite concentration, as deduced from the plot of chlorophyll against nutrilites, seems to be somewhat different from that of bacteria (Fig. 13) . From the plots of bacterial number versus chlorophyll a content (Figs. 11 and 12 ) in fresh and sea water samples, we could not draw any conclusion.
The effect of rainfall on the population size of both bacterial groups was significant (Fig. 6) . Although rain water usually contained bacteria, whose trophic flora was found to be rich in eutrophs, its number was very low, say less than 10 cells/ml (unpublished data). The fact that the number of bacteria increased in Jinzu-gawa after a heavy rainfall and that oligotrophs were more abundant than eutrophs even after the rainfall suggests that a large number of soil bacteria was eluted from the earth. It was indeed reported by HATTORI and HATTORI (13) that there is a large number of oligotrophs in the soil as demonstrated also by the present experiment (Table 5 ). Therefore, it may be suggested that bacteria in the river water is highly dependent on the soil bacteria. It is a subject for future investigation whether or not these fresh water bacteria can survive when they flow into the sea. According to the above authors, oligotrophs are less tolerant to a high salt concentration than eutrophs. This seems to explain the fact that less abundant oligotrophs are present in the sea than in the river.
